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Green  innovation,  which  enables  us  to  extract  energy  from  food  crops,  caused  a  food 
shortage in 2008. Countries suffering severe damage started to reconsider their agricultural 
policy with the aim of becoming more autonomous. The food price hike of the time looks 






of  an  endogenous  growth  model  developed  by  Rebelo  (1991).  It  is  shown  that  as  an 
economy grows, appreciation of the non‐reproducible, such as mineral resources and raw 
labor, over  the  reproducible,  such as  capital goods,  is  the norm  rather  than an anomaly. 
Third, the consequences of the food price hike and underlying capital accumulation on the 
development  strategies  of  labor‐abundant  and  low‐income  countries  are  explored.  It  is 
concluded  that  the  impact  of  the  food  price  hikes  on  the  alteration  of  a  development 
strategy  is only  incremental, without  reinforcement  from  raw‐labor‐saving  innovation. A 
case  study  of  inventions  by  JUKI  Corporation,  a  world‐leader  in  the  sewing  machine 
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Countries  suffering  severe  damage  started  to  reconsider  their  agricultural  policy  with  the  aim  of 
becoming more autonomous. The  food price hike of  the  time  looks  like a  reversal of  the  celebrated 
Singer‐Prebisch thesis proposed in the 1950s. This paper examines the consequences of this trend on the 
comparative advantages and development  strategies of developing  countries. For  that purpose,  first, 
trends and short‐run fluctuations in the prices of fuel and bio‐energy crops are investigated. It is shown 
that  the price series of  fuels and  the crops are synchronized only after  the  fuel extracting  technology 
came into effect. Second, the reversal of the Singer‐Prebisch thesis is underpinned by the generic form of 



















































































































                                                     
3 Mitchell (2009) claims that the most important factor behind the rapid increase in food prices between 



















ln ݌௧ை௜௟ ൌ ߠ ln ݌௧ை௧௛௘௥ ൅ ߝ௧.                (1) 
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ܫ௧ ൌ ܣܼ௧ሺ1 െ ߶௧ሻ,                  (2) 
 
where  ܫ௧,  ܼ௧, and A are the amounts of investment and capital stock, and the productivity parameter, 





ܼ௧ሶ ൌ ܫ௧ െ ߜܼ௧.                  (3) 
 
  A key assumption is that consumption goods are produced with a constant‐returns‐to‐scale 









ܥ௧ ൌ ܤሺ߶௧ܼ௧ሻఈܶଵିఈ,                (4) 
 
where  0 ൏ ߙ ൏ 1. Typical non‐reproducible inputs are labor and land. 









rate in consumption goods. National income is formulated as  ௧ܻ ൌ ܥ௧ ൅ ݌௧ܫ௧ ൌ ݎ௧݌௧ܼ௧ ൅ ݓ௧ܶ, where  ݌௧ 
is the relative price of capital goods to consumption goods and ݓ௧  is the factor price of the 










              (6) ݃௣ ൌ ሺߙ െ 1ሻ݃௭,   
݃௖ ൌ ݃௪ ൌ ߙ݃௭ ൌ ݃௣ ൅ ݃௭.                (7) 
 
That is, capital goods grow by  ݃௭  which is faster than the rate of growth for consumption goods 




                                                     


































































































































































































































Model  1  2  3  4  5 
Trend in Original Series  No  No  Linear  Linear  Quadratic 
Intercepts in C. E.  No  Yes  Yes  Yes  Yes 
Trends in C. E.  No  No  No  Yes  Yes 
Natural Gas 
Trace Test  1  1  1  1  1 
Maximum Eigenvalue Test  1  1  1  1  1 
Coefficient: θ  0.992  1.130  1.130  1.155  1.155 
Standard error  0.006  0.038  0.038  0.050  0.050 
Rapeseed Oil 
Trace Test  0  0  0  0  0 
Maximum Eigenvalue Test  0  0  0  0  0 
Coefficient: θ  0.894  1.926  1.926  2.387  2.365 
Standard error  0.030  0.314  0.320  0.423  0.429 
Maize 
Trace Test  0  0  1  0  0 
Maximum Eigenvalue Test  0  0  1  0  0 
Coefficient: θ  0.966  4.485  4.466  4.172  4.191 
Standard error  0.046  0.941  0.952  0.889  0.907 
Notes: C. E. stands for “cointegrating equation”. A cointegrating equation is formulated as a linear 
combination of the logged price of crude oil and that of the price of its counterpart commodity, plus 
intercepts and trends, if any. The cointegrating vector,  ߚ′ ൌ ሺ1 െߠሻ, forms a linear combination as 

























Πݕ௧ି ൌ ߙሺߚ ݕ ൅ ߩ଴ ൅ ߙ ߛ଴ 
Πݕ௧ିଵ ൌ ߙሺߚᇱݕ௧ିଵ ൅ ߩ଴ ൅ ߩଵݐሻ ൅ ߙ௜௡௩ߛ଴ 
Model 5:  Πݕ௧ିଵ ൌ ߙሺߚᇱݕ௧ି ݐሻ ߛ଴ ݐሻ ଵ ൅ ߩ଴ ൅ ߩଵ ൅ ߙ௜௡௩ሺ ൅ ߛଵ
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Details of technology Major expected
effects
One-needle, straight stitch 1953
The most standard sewing machine which stitches straight seams by
lockstitch. SS, RT, QC
Automatic thread trimmer 1969 Automatically cuts thread at the end of a sewing cycle. RT
Bottom and variable top-feed 1979
Responds flexibly to various kinds of material. Ensures sewing with
higher precision and quality by separating the bottom of the adjusting
feed mechanism from the top.
SS, QC
Bird's nest prevention 1992
Prevents "bird's nests" (thread tangling up on the underside of the
material at the beginning of sewing) by keeping the needle thread
clamped.
QC
Bobbin thread automatic feeder 1996 Changes the bobbin thread automatically. RT
Dry-head 1996 Eliminates oil stains from the frame by reducing the amount of oil needed.
This reduces the work involved in removing the stain and re-stitching.
RT, QC
Direct-drive motor 1999
Saves electricity and mitigates operator fatigue by reducing vibration and
noise. RE, ENV
High sewing speed -
Increases the speed of stitching. The maximum stitching speed is 8,500
rotations per minute, which is even faster than that of a sports car's
engine (JUKI's website).
RT
White machine surface - Makes the surface of the sewing machine white, and thus improves the
brightness of the needle drop point. This is better for  operators' eyes.
ENV
Bartack 1958
A sewing machine which makes special stitches that prevent open seams
in areas such as pocket openings. SS, RT, QC
Buttonholing 1961 A sewing machine which stitches buttonholes. SS, RT, QC
Chainstitch, button sewing 1962 A sewing machine which stitches a button using a chain stitch. SS, RT, QC
Overlock 1964
A sewing machine which stitches the edges of material so that they do
not fray. SS, RT, QC
Lockstitch, button sewing 1979
A sewing machine which stitches a button using a lockstitch, which is
superior to a chain stitch in terms of preventing raveling. SS, RT, QC
Computer-controlled
buttonholing 1999
By making buttonholing computer-controlled, less time is needed for
making changes to the specifications. SS, RT, QC
Buttonholing indexer 1968
A machine which feeds materials (e.g. fabrics) automatically and executes
multiple buttonholes successively. Many machines can be operated by a
single operator.
SS, RW, RT, QC
Automatic serging machine 1973
A machine which automatically cuts the edges of the material and sews
them so that they do not fray. A sensor prevents any mistakes in cutting.
SS, RW, RT, QC,
RWT
Edge control seamer 1976 A machine which enables the accurate joining of materials, which was
done by a skilled operator, and sews them automatically.
SS, RW, RT, QC
Automatic welting machine
(automatic pocket sewing) 1979
A machine which automatically sews pockets with welts and flaps on
suits, jackets and pants. SS, RW, RT, QC
Automatic pocket setter 1991
A machine which automates a series of pocket-attaching processes,
including folding, sewing, and bartacking a pocket’s openings. SS, RW, RT, QC
Computer-controlled operation
panel -
Reduces the time for specification changes through a panel that is easy
to operate. SS, RW, RT
-
A folder, hemmer, and binder replace manual tasks such as folding or
binding fabrics. A gauge set including a needle plate, feed dog, and
presser feet, helps operators sew smoothly and accurately.












Attachments (e.g. folder, hemmer, binder,
needle plate, feed dog, presser feet）
Notes : Year of introduction indicates when JUKI introduced the model with the technology cited onto the market. The major expected effects are SS:
substitution of skilled labor with a “machine + unskilled labor”; RW: reduction of the number of workers necessary for the production process; RT:
reduction in processing time; QC: quality stabilization and improvement; RWT: reduction in waste; ENV: improvement in the working environment; and RE:
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Figure 9. The Relative Price of Capital Goods to Energy in the United States 
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Source: Bureau of Economic Analysis, United States, NIPA tables (http://www.bea.gov/national/nipaweb 
/SelectTable.asp?Selected=N). 
 
 
Figure 10. The Relative Price of Capital Goods to Consumption Goods in the United States 
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Source: The same as Figure 9. 
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